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Abstract: A portable Li-6400 XT photosynthesis measuring system (LI-COR Biosciences, Lincoln, NE, USA)
was used to explore how Torreya jackii, an endangered species endemic to China, adapts to the environment and
to illustrate and determine various photosynthetic characteristics of 7. jackii in three natural habitats with different

light conditions, specifically gap, edge and understory habitats. Also, the physiological mechanisms that have

resulted in the endangered status of this species were explored to provide baseline reference data in support of
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off-site conservation and population rejuvenation of 7. jackii. The results for 7. jackii growing in forest gap and
edge habitats show that when the diurnal variation in the photosynthetic rates in the summer is graphed, typical
curves with double peaks appear; in addition, photosynthetic rates in the other seasons show curves with a single
peak as do photosynthetic rates in understory habitat based on data in all four seasons. The net photosynthetic rate
(Pymax), light saturation point (LSP), apparent quantum yield (AQY), maximum rate of carboxylation (Vpax),
maximum rate of electron transport (Jn.x), and triose phosphate use rate (TPU) were highest in summer in all
habitats; this indicates the photosynthetic capacity of T. jackii is significantly higher in summer than in other
seasons. The graphs indicate a midday depression of photosynthesis occurs in summer in gap and edge habitats
when the dark respiration rate (Ry) and light compensation point (LCP) are also higher. As a result, the daily mean
values of P, in gap habitat are significantly lower than in autumn while those of P, in edge habitat are similar to
the daily mean values observed in autumn. In all four seasons the daily mean values of Py, Punaxs LSP, Vemaxs Jimas
and TPU in gap habitat are the highest with significant differences between those in gap and understory habitat.
These findings indicate that the photosynthetic characteristics of 7. jackii are typical for a plant growing in sunny
habitats, meaning 7. jackii grows more vigorously in gap habitat with adequate light. In summer and autumn, the
LSP of T. jackii is lower than those of other plants typically associated with its habitats, while the LCP is higher
than those of the associated plants, which indicates that 7. jackii has a narrow ecological range of adaptability to
light conditions. The P, of T jackii is lower than those of the associated plants in the community, indicating that 7.
Jjackii is at a disadvantage during interspecific competition with its poor ability to adapt photosynthetically to a
wide variety of light conditions; this might be an important factor contributing to the endangered status of 7. jackii.
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Fig. 1 Seasonal change in daily precess of net photosynthetic rate. stomatal conductance. intercellular CO,
concentration of Torreya jacki under different habitats
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Table 1 Seasonal change in daily mean values of net photosynthetic rate. intercellular CO, concentration.

stomatal conductance of Torreya jackii leaves under different habitats

4
SR A Seasons
Parameters Habitats E=S =l K £
Spring Summer Autumn Winter
H a3 A (P,y) N
. A& Gap 2724+0231Aa  4.03+0272Ba 4.76+0.103Ca  1.7740.147Da
Daily mean values of
M Edge 2.08+0.170Ab 3.81+0.181Bb 3.794+0.153Bb 1.58+0.084Cb

net photosynthetic rate

/(umol-m™s™)

M F Understory

1.4510.268Ac

3.31£0.277Bc

2.28+0.215Cc

1.05%0.118Dc

H¥S LT (G,

ME Gap 0.06+0.001Aa 0.18+0.001Ba 0.08+0.001Ca 0.03+0.001Da
Daily mean values of
& Edge 0.04£0.003Ab 0.1240.004Bb 0.07+0.002Ca 0.03£0.001Da
stomatal conductance
) MF Understory  0.04+0.001Ab 0.08+0.002Bc¢ 0.04+0.001Ab 0.02+0.001Cb
/(mol'm™-s™)
H 5] CO, #efiE
(&) N
. ME Gap 132.76+4.077Aa  260.82+1.842Ba  238.69+1.802Ca  245.91+6.852Da
Daily mean values
M Edge 219.74+£2.746Ab  279.90+2.735Bb  245.01+1.279Cb  263.07+3.163Db

of intercellular CO,

. LIS Understory  259.45+£1.323Ac  264.48+2.781Bc  289.46+4.493Cc  276.01+4.211Dc
concentration
/(umol-mol™)
Bt A P8 AR ZE, ANR/NG FHREROR IR — S 22 57 18 3 (P<0.05), ANFIK'S FBEROR A —AT 2 7 W3

(P<0.05)

2.3 ANAESKHEDLESHEZN
HI 2 T, 3 P AR R A RS KT B R (Pamax) « JEHENTEL(LSP) R 134

RAQYI N HF>MF>EF>KT, Ponaxs AQY 4 MR ZE5T I 5
HREHEF. WIERTEFEKFLEE ZEA5, T
Pomax BRET M FRIRE S G . BRRMRE ST R34
ERESEE; LSP BRKEINE S RGER AR ES, HRWEREE. BF.
s B XM AQY MR RE R T MG M

BEFERTAE. HF

LSP WM E>MESH T,

4h, M

KZE AQY Jbk F>Mgebhd, 25 i

R M S(LCP) K 2
LCP N HE P> P> K F>H T

XFRFERTHES. HF

T MEEE S

BEELT,

MG T,

BFEETIHE

3N, BE
: MR LCP A EF, KERERTA
v HZF) LCP B M E>MEGST, 2257
TR o MBS Th S P IROH 26 (Rg) &7

Zw#E; WP ARFERE S TIHE

B

BEMTHESEN

TE N E NP L=

s MEA %

LSP FRMRE A 5%

CEIZEFEE 4 DN Ponax

FES

; MRERI
= FE,

VIR

% MM Ry KM
RRE, HF. KRN ROKE . REREETHT.



3 P AT P 1 B KR AR (Voman) s K HL T ARIE SR (Jma)« BEIR IBR AU JH 2R (TPU) Y
NR KR ETE, Vona BHREAEBINEF 5T LREERI, R ZER B,
Jmaxd DN ZER R TPU MG B INHEF 5K EAAREI, IR EREE.

FH KT TN Venax ANESHGSIT, BREAMRGSHESHN, ZREH. FF.

T BT Jax AKESHRGSIE . RENRGSHER, 2R % 4 DT
BN E>RGSIE, BREFRIMRE ST . TR E SREE R A RES, I

SR

2 NRESKHIELASHF RN

)

U
ENIES

Table 2 Seasonal change in gas exchange parameter of Torreya jackii leaves under different habitats

Ea)
%%é& d_i;’j:’ﬁ seasons
Parameters Habitats F = K %
Spring Summer Autumn Winter
BREEA A
(Pumay) WA Gap 4.45+0.18Aa 9.05+0.38Ba 8.26+0.33Ca 3.52+0.13Da
Maximum net M Edge 4.15+0.13Aa 8.48+0.34Bab 7.62£0.31Cb 3.22+0.10Db
photosynthetic rate P Understory 3.79+0.15Ab 7.86+0.32Bb 5.87+0.23Cc 1.95+0.07Dc
/(umol-m?s™)
FEHBAI 5 (LSP)
, _ WA Gap 462+16.813Aa 927+39.028Ba 752+30.701Ca 428+17.472Aa
Light saturation
, M Edge 392+17.282Ab 843+17.413Bb 736+25.436Ca 256+10.454Db
point
- R Understory 328+13.396Ac 588+24.015B¢ 556+22.696Bb 204+8.337Cc
/(umol-m™-s™)
Jeh Mz KU(LCP) .
. , WA Gap 10£0.401Aa 20+0.825Ba 14+0.572Ca 10+0.413Aa
Light compensation
4 WM& Edge 8+0.322Ab 18+0.735Bb 14+0.552Ca 10+0.418Da
oint
P S . MR Understory 420.161Ac 10+0.418Bc 10+0.401Bb 8+0.326Ch
/(umol'm™s™)
T ETHHEAQY) N
W Gap 0.055+0.002Aa 0.125+0.005Ba 0.109+0.004Ca 0.021£0.001Da
Apparent quantum
1 WM& Edge 0.059+0.002Aa 0.189+0.007Bb 0.153+0.006Cb 0.025+0.001Da
1€
Y X T Understory 0.103+0.004Ab 0.219+0.008Bc¢ 0.185+0.007Cc 0.057+0.002Db
/(umol-pumol ™)
5 IR K (Ry) W& Gap 0.431+0.067Aa 0.481+0.020Aa 0.433+0.017Aa 0.224+0.008Ba
Dark respiration M2 Bdge 0.415+0.015Aa 0.452+0.018Bb 0.285+0.007Cb 0.215+0.012Da
/(umol-m?s™) T Understory 0.139+0.033Ab 0.3740.004Bc 0.119£0.004Ac 0.115+0.004Ab
BRI TE RV omar) i
_ W Gap 20.167+0.823Aa 46.947+1.263Ba  33.772£1.378Ca  17.087+0.698Da
Maxmium rate of
_ WM& Edge 12.378+0.505Ab 56.366£2.301Bb  26.489+1.081Cb  11.494+0.469Ab
carboxy lation
S . R Understory 9.784+0.399Ac 38.001+1.551Bc  11.781+0.481Cc  5.618+0.229Dc
/(pmol'-m™s™)
B TFAEGLESR W% Gap 37.997+1.551Aa 84.248+2.541Ba  64.029+2.613Ca  22.758+0.112Da
(Jrmax) M% Edge 23.474+0.958Ab 114.097+4.957Bb  49.872+2.036Cb  19.781+0.807Db

Maxmium rate of

M Understory

17.682+0.722Ac

76.302+3.115B¢

25.246+1.030Cc

10.183+0.415Dc




electron transport

/(umol HLF-m?s™)

AR AU R 2
(TPU) WA Gap 8.978+0.366Aa 22.931+£0.936Ba 9.478+0.387Aa 4.116+0.168Ca
Triose phosphate W2 Bdge 5.285+0.215Ab 16.025+0.654Bb 8.826+0.360Cb 3.965+0.171Da
utilization rate P Understory 4.996+0.204Ab 12.394+0.506Bc 6.097+0.249Cc 2.273+0.093Db

/(umol-m2-s™)

B A VI £ AR R 22, ARG SRR R R — 1 22 7 B3 (P<0.05), AFRIKEARERRF—ATEREE
(P<0.05)
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Table 3 Seasonal change in the chlorophyll content of Torreya jackii leaves under different habitats

T
ZH AN Seasons
Parameters Habitats H =3 K £
Spring Summer Autumn Winter
R Gap
2.824£0.125Aa  3.17+£0.220Aa  3.01£0.338Aa  2.53%0.057Ba

M2%% a

P& Edge
Chlorophyll a 29740.233Aab  3.42+0.117Aa  3.15+0.278Aab  2.3240.150Bab
(mgg™)

#F Understory  3.3220.172Ab  3.83£0.136Bb  3.4410.486Ab 2.05+0.228Cb

WA Gap 0.890.011Aa  1.184+0.127Aa  1.04+£0221Aa  0.8720.013Aa
meRE b
Chlorophyll b WM& Edge 1.0940.146Ab  1.21+£0.075Ba  1.134£0.050ABa  0.7740.072Cab
/(mg-g™")

#F Understory  1.15£0.013Ab  1.46+0.181Aa  1.3320.101Aa  0.5320.031Bb

W& Gap 3.71£0.136Aa  4.35+0347Aa  4.05+£0.559Aa  3.40+0.070Ba
4¢3 atb
Chlorophyll atb k% Edge 406+0.379Aab 4.63+0.192Ba  4.28+0.328Bab  3.0940.222Ca
(mgg™")

M Understory 4.4740.185Ab  5.2940.317Bb  4.7720.587ABb  2.58+0.259Cb

el o I e 22, ARG P REROR ]

22 (P<0.05), AFIKE FHREFORH AT 2R B
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Fig. 2 Seasonal change in daily precess of net photosynthetic rate of Torreya jacki and its accompanying
species under different habitats
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Table 4 Seasonal change in daily mean values of net photosynthetic rate of Torreya jackii leaves and its

accompanying species under different habitats

4
SR Yy Fih Seasons
Parameters Species +H =l K £
Spring Summer Autumn Winter
A
2.72+0.233Aa  4.03+0.271Ba  4.76+0.107Ca  1.77%0.146Da
(Torreya jackii)
MR

2.97+0.187Ab  8.75+0.231Bb  7.30+0.294Cb  2.26+0.057Db

(Cyclobal anopsisglauca)

H¥ P,

(umolm?®sy VA
(Machilus leptophylla)

FIFR

2.91+0.042Ab  7.2840.307Bd  6.60+0.255Cd
(Quercus fabri)
HURA

3.25+0.343Ad  7.8240.046Be  1.91+0.041Ce
(Rhus chinensis)

B PR bR R 22, ARNG FBRERIR Al — 512 57 B3 (P<0.05), AR KEFRERRFA—ITE R 2F
(P<0.05)

2.6 KHHHE R AR YA S (LSP)RIEAME: /R (LCP)

M 5 TTLAE H, AIHAE S LA ARl LSP 21 AR ], BRI, e TRk E
KA, VAR LSP AWK, fEAFRERIRIME. £ ERRMAE LSP B30 A
A RKEIHHE LSP BR 2 Z R T35 ]BRAL, W3 T 0050 3 Fpk At &2 KHHE
LSP th W Z AR T IR S A . B RKIMAHE LCP W (0T34 4 MR, B2 KH-AE

LCP 22 i TIL 4 PheE ARt K 0 2% i I Sk Ak
2 5 KIHHE R HAE AR OB AR ME B

Table 5 Seasonal change in Light saturation point and Light compensation point of Torreya jackii leaves and

its accompanying species under different habitats

2.33%0.132Ac  4.86+0.115Bc  3.88+0.259Cc  2.07x0.510Db

Wkt
ZH N Species
Parameters Seasons e I A W XIER FIFR A
Torreya jackii Machilus Cyclobalanopsis Quercus fabri Rhus chinensis
leptophylla glauca

FeE A5 (LSP)

Light saturation
point 5 Summer  927+£34.456Ab  940+38.375Bb  1288+49.499Cb  1206+48.826Cb  1108+45.233Db

# Spring 462+16.819Aa  628+25.637Ba 752+24.494Ca 564+23.025Da 530+22.861Da



/(umol-m'2~s'l)

K Autumn  752+30.700Ac  604+20.575Ba  808+28.903Cc 700+28.577Dc 160+6.531Ec
% Winter 428+17.473Aa  467+6.153Bc 544+9.961Cd
% Spring 10+0.408Aa 18+1.306Ba 13+1.469Ca 18+1.143Ba 18+2.776Ba
FE#ME FL(LCP)
Light ¥ Summer  20+0.816Ab 10+0.463Bb 4+0.372Cb 4+0.165Cb 4+0.489Cb
compensation
point X Autumn 14+0.571Ac 8+0.489Bb 8+0.177Bc¢ 25+0.255Cc 30+0.326Dc¢
/(pmol-m™2-s™)
& Winter 10+0.408Aa 8+0.326Ab 8+0.189Ac

Bs R VI bR 7, ARVNE FRERORF 52 5 B3 (P<0.05), AAKEFARRRFA—ITERBE
(P<0.05)

3 Wik

VR TR AL S N, D BE ) B 2 e B FLPT AL BOPR I A 0% o IHHAIEAE 522 R AR
MRGAEST, KMHEGOE A A (P,) H AR 2 ihde, HIL W ROLE “/HR” .
I G . RGBT A R BE AR i, Rl 2 Th A7 12:00 2ty ARE ARG
52K PAR % 1860 pumol-m™s™ . # it ik 38°C, MRZk/EEE PAR ik 1680 pmol-m™s™ . ¥
ik 35°C, Tk SR, N TGRS EUR, G BEL, SN Rz
BH, SEC GRS, SEAM A TO0E R E R CO N ANVE, A P, PR,
#i& Farquhar S5O, WER Py AT CARAETT WARIAD,  JF H. G BRARIN P, (AR AL 3
BT QR Py AT CARME T A B, H. GO, W) Py T B 2 B AR AL, B
VA0 il A g (K AR S R 7o P 0BT Z bR« ARk B rh K R AR B S
FLPR RIS B o

XF G EER T E ) B AR DG Bl R A AE 22 e K H 22 )5 K, LSPAILCP SV T AHA)S
JCIREAF R EER, AR Bl TR0 s A A fe . B2, 3R ARSI HELSPAN
LCPYYE iy, W R HIE £ 52 20 50l B T BE 0 o, TS 55 6 AI T RE 1955 - AQY
AU XA, 3PS R MEAQY I LU b i, R H A X
JCREMAI IR mi e TR ZE3 MRS BRI RER A BT, PR AEAH FTig K. Bbsth,
Vemax KK/ 1 2852 B Rubisco t B RIE 1 B 5207, Rubiscoth HEE MY ot &1
FHE AR b AL RUBPE 1 COL I SCBEMENE ;o [RIERUBPFFAERE Sy, IR L T AR 3 25
BRI A5 B IR AL AR FHAINADPHIF A, ATTAE () Vo 32 21— 52 BRAI s B 1R B (TP)
ECEER 174, TPURM I RBARSSETPI R, X a1 AR S S st
SIS ARG K HE A Vemaxs Jmaxs TPURBLAR 2 f5 i, U6 KA ety



1 F R o (A6 RuBPY| 7€ CO, ¥ Rubisco IR E P AT R O HE I, 452w 1) Ly~ A% il A fie ik 17
AR I MINADPHI® 28, 3255 T RuBPHZERE Sy, X ELIFPEAE S AT 78 20 D
ARG, B SE R B D IEE s . Uk A H, EE WG, milma T, BA
3R A A rp R RIS 55 06 (KR 6 BT BRI PR FHAG BT K, {HLSP. AQY . Vomaxs
Jmax~ TPUMTRHG R, IM7E R FRI BRI G EBE ), P R E TR K. HEZF
PRBS . PRGOS RER DG A “AFR 7 BLS, AT R ARG IR H 24P W] AR TR
PRGei H P S I 2 AN 3

eI MR A A A I B, ANTA) A58 R s i AR (A SR MR R
. MEEBGE RIS, PAR 5k MEAEBDUIIRIEECR: M HESDEIRAAH
XP2E, PAR L0406 17%. 75 4 DZATHRIHE T (1 LSPy Vemaxs Jmaxs TPU B
T, R SN 22 3 . DI AR A R e 2 o SO A T BE D, S i
REACH A e K TR BHRATAI 2, SRR motaE e ). RIAEARE 1 H
¥ P YR ER TG, MEEERTHT, X5 (Cathaya argyrophylla)liti PAR [¥1FF
1% Py BEBARCI L R84 DTV Poman WRME R, W ST 2R 25, WE
HR IS A ARG SRR A58 . AR R Oy, (AR LCP B S iR ] 95 't 1k
AT EPERL: il AQY XGREMIAI IR S s KA Ry A B Tl DIFIRIFE, 7RG
R BRI Z AN, B9 TR 9GP RE N, 2 WK RIE 016 5 R MG K A8 4k
5 [T WA (Liquidambar formosana) V4 11Kk 2% (Gordonia acuminate)th J 10t
HAAALE R, B PAR IR ARSI EI LSP. LCP. Ry #547 WA 10 i), Jw ¥
M BRI PAR IR, P IUCH IS TRIOBEAREY, et 807 — MRS5S, EAEFE L9
PEEE P K AR e A AR T RE R, B PAR FRIK, Pame FREUIR, JeA 43R
A BT, TG A HIE A BH R A

-2 22 W] LURER DG RE R AL A L2 68, St A BTGB AR, % SR L A1) 2 A
3R R FH PR B IR () SRR AR AR R I A 2% R TR, XS R
PIAAK R PAR 59, AEA A& G964, G0k 1 -4 2 (0 sk R s SRR < 1
AL, BE PO CAVIFURIERIGCHAE H 4R &8 BT, Hil AL,
Ho Ao 2R Bl h BT, 3 hvEsgeh, AR 2RI a3 & i LU TR, R FI.
FR IR R, (R TR SR FE I A A ORI B, AR BT, R T K AT
JCREMISCRIEL AL BE ), X AT KRG R 0 i T 3 AR 2 —.

KRS A VE R A, FiRE FR N, 38 WG 1 S PR 22 D5 T, 0 A~ e



A FEYMPIE N T E N Z o Py (RN RGER R IR R RE I KK, S mife
PRI R o A IHHE S A AR DOE 5 RE D M BT A Y, 4 ST bR HiE H 2
Py BT AR, JF Hft TR B TR S RE S, Py P IR]R B RREEI
AR, FEIEEREEUN, AR REIC, AR, Se9raess, NimKHREIHL
R B, AETERSE S e s OB R I it , AMEANBEIER, a2, TN TUET
IHCRNLGE,  BEG 78 0 B R LA A b Y, ST il 3 K R 43 A1 50 P H 2 /0
BABIEYI R 2 —. Behh, RIS, EEKHAHE LCP 22w T8 4 FlpEg
fidy, FWKITREARTR Y, T T &R b 2, PR e et ik
RSN T 1 AR AL T AR, 3 DS A T IURAE T, KRR B e D 552, Xt mT g
SRS E P S — 5 . T LSP BT 4 B 2ERY), B ARt A
AN R, G I (R A A R A

gi bpnk, KHAE P, HAZMERE ROARE . MREAEEDY “X0g” g, HIbtd “4
K7 UGS, e ey e ek, KEHERDEE “ R IR AL
RGN KMHEAE R BRI B RADE S VEBES) s Pamax W2 R F K, HEFE .
MG DD & “R” UG, R RN N H Y P W RART T & H
Py SMFERALE . 4 DT RIMEN H Y Py Poma BIUKE i, REHDESRES
BEE TR, AT B A MRS B A KA B (R BT R85 R o KRR 5 1 T RE 42
S, JEAEBLRAT @ MR, RIS FHPERE R . 3 MBS R IR 2, A
SR EMER ST — T3 I 3%, 10 55— U5 1, 75 HARIRAS MG e 895, FRR A K a21e,
XECIE I (0 A AR R B A, XU B A IR ARV T ) 58 S E 55, AEZEAE S84
AT AHMIHBAT, PR ST A HEREA T AT 28R DR

Reference:

[1] Wang C T. Present situation of wild Torreya jackii resource and its protecting measure in Zhejiang province.
Journal of Anhui Agriculture Science, 2005, 33(3): 432-432, 450.

[2] Wang C T. The biological characteristics of wild Torreya jackii and protection research. Practical forestry
technology, 2005, (10): 6-7.

[3] Mistry of environmental protection, Institute of botany, The Chinese academy of sciences. China rare and
endangered plants list: volume 1. Beijing: Science Press, 1987.

[4] LiJ M, Jin Z X. Genetic variation and differentiation in Torreya jackii Chun an endangered plant endemic to
China. Plant Science, 2007, 172: 1048-1053.

[5]LiJ H, Jin Z X, Li J] M. Genetic diversity of endangered plant Torreya jackii: A study with RAPD markers.
Chinese Journal of Applied Ecology, 2007, 18(12): 2661-2667.

[6] Scholes J D, Press M C, Zipperlen S W. Differences in light energy utilization and dissipation between



dipteroearp rain forest tree seedlings. Oecologia, 1997, 109(1): 41-48.
[7] Senevirathna A M W K, Stirling C M, Rodrigo V H L. Growth, photosynthetic performance and shade
adaptation of rubber (Hevea brasiliensis) grown in natural shade. Tree Physiology, 2003, 23(10): 705-712.

[8] Jin Z X, Li J M, Ma J E. Photosynthesis traits of the endangered plant species Sinocalycanthus chinensis.
Journal of Zhejiang University(Science Edition), 2011, 38(6): 682-688.

[9] Jin Z X, Ke S X. The photosynthetic characteristics of the main species of the Heptacodium miconioides
community in Tiantai Mountain of Zhejiang Province, China. Acta Ecologica Sinica, 2002, 22(10):
1645-1652.

[10] Zhu T J, Yue C L, Jin S H. Ecophysiological trait comparison of Shaniodendron subaequale and
accompanying species. Journal of Zhejiang Forestry College, 2008, 25(2): 176-180.

[11] Shi S L, Wang Y C, Zhou H B, Zhou J H. Comparative analysis of water related parameters and
photosynthetic characteristics in the endangered plant Tetraena mongolica Maxim. and the closely related
Zygophyllum xanthoxylon (Bunge) Maxim. Acta Ecologica Sinica, 2012, 32( 4):1163-1173.

[12] Xiong Z C, Luo W H, Wang M L, Wang D R, Wen X Y. Comparative study on photosynthetic characteristics

of Camellia nitidissima and its accompanying species. Guangxi Science, 2012, 19(2): 201-204.

[13] Guo X R, Cao K F, Xu Z F. Response of photosynthesis and antioxygenic enzymes in seedlings of three
tropical forest tree species to different light environments. Chinese Journal of Applied Ecology, 2004,
15(3):377-381.

[14] Zhu H, Ma R J. Photosynthetic characteristics comparison between an invasive plant, Lantana camara and
associated species. Acta Ecologica Sinica, 2009, 29(5): 2701-2709.

[15] Long S P, Bernacchi C J. Gas exchange measurements, what can they tell us about the underlying limitations
to photosynthesis? Procedures and sources of error. Journal of Experimental Botany, 2003, 392(54):
2393-2401.

[16] He W M, Dong M. Growth and physiological features of Salix matsudana on the Mu Us Sandland in response
to shading. Chinese Journal of Applied Ecology, 2003, 14(2): 175-178.

[17] Farquhar S P, Sharkey T D. Stomatal conductance and photosynthesis. Annual Review of Plant Physiology,

1982, 33: 317-345.

[18] Farquhar G D, Caemmerer S, Berry J A. A biochemical model of photosynthetic CO, assimilation in leaves of
C; species. Planta, 1980, 149(1): 78-90.

[19] Hartman F C, Harpel M R. Structure, function, regulation, and assembly of ribulose-1,5-Bisphosphate
carboxylase/oxygenase. Annual Review of Biochemistry, 1994, 63: 197-234.

[20] Harley P C, Thomas R B, Reynolds J F, Strain B R. Modelling photosynthesis of cotton grown in elevated
CO,. Plant Cell Environment, 1992, 15(3): 271-282.

[21] Zhang W F, Fan D Y, Xie Z Q, Jiang X H. The seasonal photosynthetic responses of seedlings of the
endangered plant Cathaya argyrophylla to different growth light environments. Biodiversity Science, 2005,
13(5): 387-397.

[22] Strauss-Debenedetti S, Bazzaz F A. Plasticity and acclimation to light in tropical Moraceae of different
succession positions. Oecologia, 1991, 87, 377-387.

[23] Wang R. The response and acclimation of two different plant functional groups to different light habitats in
subtropical evergreen broad-leaved forest. Beijing: Chinese Academy of Forestry, 2007.

[24] Reich P B, Walters M B, Tjoelker M G, Vanderklein D, Buschena C. Photosynthesis and respiration rates
depend on leaf and root morphology and nitrogen concentration in nine boreal tree species differing in
relative growth rate. Functional Ecology, 1998, 12, 395-405.

[25] Lovelock C E, Jebb M, Osmond C B. Photoinhibition and recovery in tropical plant species: response to



disturbance. Oecologia, 1994, 97, 297-307.

[26] Liu Y Q, Sun X Y, Wang Y, Liu Y. Effects of shades on the photosynthetic characteristics and chlorophyll
fluorescence parameters of Urtica dioica. Acta Ecologica Sinica, 2007, 27(8): 3457-3464.

[27] Chi W, Wang R F, Zhang C L. Changes of photosynthetic characteristics of strawberry leaf under shading.
Chinese Journal of Applied Ecology, 2011, 12(4): 566-568.

[28] Gao Y W. Study on the biological character and conservation of endemic species Torreya jackii. Chinese
Biodiversity, 1997, 5(3): 206-209.

SHEHR:

(1] EE M. WiLas B A K HE B Y HR B DRy onr 3. 22U, 2005, 33(3): 432-432, 450.

2] EEME. BFAACIHHEA D2 v S R T 5T, Mok sl ER, 2008, (10): 6-7.

(3] EZIAERY R, hEBABARAT. P ES RGOS Y A5 U Jbat BlE e,
1987.

(5] Adime, BPH, 288 WUE Y I RERE AL 2 FEPERIRAPD M M. NHIZEZS2#4I, 2007, 18(12):
2661- 2667.

(8] <EHr, ¥R, ek, WY = E s & AR FUE R, WL R 2 R (B4 R), 2011, 38(6):
682-688.

[9] &0PHT, fltthas. Wil R &b ek 2R R, A543, 2002, 22(10): 1645-1653.

[10] KA %, HHEEH, SRR WERMEAERYOCS B AR L WITIAR B2 4)k, 2008, 25(2):
176- 180.

[11] eGSR, B8oCHE, EE, FAUR, SCRIE SR8 AR A R E R BB, T 0EREE, 2012,
19(2): 201-204.

[12] AAAR, FWF, AL, e Poamha A LG & TK 3 RASHRD SRR AL 2
A4, 2012, 32(4): 1163-1173.

[13] #RBESR, WI07, VFIFE. BT RMRAN (7] A2 2 S PR A 2l 1 ' A R SR A A KO R IR 1 S .
I FH A 22440, 2004, 15(3): 377-381.

[14] RE, BEE. NRWY DB Lantana camara) B LA AR G4, A/ 2R, 2009, 29(5):
2701-2709.

[16] fAI4ERH, #AY, B 15 gy SN A KN A R AE S 1 S . B FH AR 252231, 2003, 14(2): 175-178.

[21] SKHERE, ST, Womom, FEBEIE. WG AR B G A KOG B K 2= MO S i B, A=) 2 R 1L,
2005, 13(5): 387-397.

(23] o MpHRGH 3 S AR PTAS AR D AL Bl )y BN AN RDC IS (R i 58 Y. JEat: o AL A2
WFCRE, 2007.

[26] XUBLRK, FMEIBH, 55, XIv. MR SRR RO S RHE A SO S HUR . RS AR, 2007, 27(8):
3457-3464.

[27] B, EoE, sKRbk. BERE A& T RA NS SRR . N A 244], 2011, 12(4): 566-568.

(28] k. TS AT BRI HER (K B 225V 5 ORI 9. A2 AP, 1997, 5(3): 206-209.



